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Thesis’s summary (abstract): 
 
Micro-technologies have enabled several technological breakthroughs in electronics and 
mechanics thanks to the development of the so-called microsystems. For a widespread 
development and use of microsystems, flexible and accurate robots able to do manipulation, 
characterization and assembly tasks at the micro-scale (1µm-1mm) are required. Actual robots are 
flexible and accurate but they are clearly not enough smart for micro-scale purpose, and 
miniaturization is now limited by human operator’s dexterity and constancy. Collaborative robotics 
is the key to merge the best capabilities of robot and human in order to pass through the 
miniaturization limits and to get a productivity improvement. Collaborative robotics requires a high 
level switching control scheme. The aim of the thesis is the development of new control strategies 
on high precision robotic systems taking into account the human operator and multiple sensor 
signals (force, position and velocity) in the control loop. The challenge is to design and to build a 
set of control schemes with various levels of interactions with the operator. Different control 
methods may be used in parallel during a single elementary task. The robotic systems along with 
the proposed control strategies will be tested on concrete cases related to micro/nano-
manipulation and materials characterization.  
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Subject 

 
The development of robotic systems able to perform manipulation and characterization 
tasks at the micro- scale (1µm-1mm) has been a dominant research topic for many years 
[1]. Achieving efficient and safe robotic tasks at such scales in an automated or a 
teleoperated way is one of the main challenges. Several robotic systems with a high 
resolution, precision and flexibility are now available but they are not yet smart enough to 
deal with complex tasks. For instance, in watch industry, the assembly of micro-
mechanical components into a watch is often done by a human operator, which is able 
to adapt its operating mode when dealing with unpredictable situations. However, the 
human has not the required capabilities to deal with the physics at the small scales such 
as sensing forces at the micro-Newton and positioning the manipulation tool with a 
micrometer resolution. Micro-robotic systems are able to deal with such physical 
constraints but they are not able to make smart decisions. Collaborative robotics [2][3] is a 
key technology to improve the productivity of robotic tasks at the micro-scales. It merges 
the best capabilities of the human operator and the micro-robot to deal with complexes 
manipulation and characterization tasks on micro- components and nanomaterials.  

 

Fig.1 Chronogrip: robotic system dedicated to collaborative tasks at the micrometer scale 

The development of robotic systems able to perform manipulation and assembly tasks at the micro-
scale (1µm-1mm) has been a dominant research topic for many years [1]. Achieving efficient and 
safe assembly tasks at such scales in an automated or a teleoperated way is one of the main 
challenges. Several robotic systems with a high resolution, precision and flexibility are now available 
but they are not yet smart enough to deal with complex tasks. For instance, in watch industry, the 
assembly of micro-mechanical components into a watch is often done by a human operator, 
which is able to adapt its operating mode when dealing with unpredictable situations. However, 
the human has not the required capabilities to deal with the physics at the small scales such as 
sensing forces at the micro-Newton and positioning the manipulation tool with a micrometer 
resolution. Micro-robotic systems are able to deal with such physical constraints but they are not 
able to make smart decisions.  Collaborative robotics [2][3] is a key technology to improve the 
productivity of robotic tasks at the micro-scales. It merges the best capabilities of the human 
operator and the micro-robot to deal with complexes manipulation and assembly tasks of micro-
components. 

 

 

Fig.1 Chronogrip: robotic system dedicated to collaborative tasks at the micrometer scale. (a) Overview of the robotic 
system. (b) Side view of the robotic system. (c) Enlarged view of the end effector: the microgripper.

The project is devoted to the design and the control collaborative robotic  platforms 
dedicated to materials characterization and manipulation tasks at the micrometer scale. The 
robotic platform can be composed of the following parts (Fig.1):  

______________________________________________________________________________________________________________________________________"

2 dof robotic system 
(1 vertical linear motion 
and 1 horizontal motion) 

3 dof robotic system 
(2 linear motions and 1 rotation ) 

4 dof microgripper 

Vision cameras 

(a) (b) 

(c)



	
	

Ecole	doctorale	SMAER	
Sciences	Mécaniques,	Acoustique,	Electronique,	Robotique	

_______________________________________________________________________________________________________________________________________	
ED	SMAER	(ED391)	

Tour	45-46		Bureau	205-		case	courrier	270-	4,	place	Jussieu	-	75252	PARIS	Cedex	05	
℡:		01	44	27	40	71		

charlotte.vallin@sorbonne-universite..fr	
Sujet	de	thèse_18	

The project is first devoted to the design and the control collaborative robotic platforms 
dedicated to materials characterization and manipulation tasks at the micrometer scale. 
These platforms will be used as a benchmark to test, study and validate several issues 
related to collaborative micro/nano-robotics 

The control algorithms and strategies can be thereafter applied in concrete cases using 
two available micro/nano-robotic systems, namely the Chronogrip (Fig.1) which is 
dedicated to micro manipulation and assembly tasks and the SmarPod operating inside a 
Scanning Electron Microscope for nanomaterials manipulation and characterization. 

 

 

 

 

 

 

 

 

 

 

Fig.2 Haptic interface with an actuation based on linear induction motors.  

The Chronogrip is composed of a microgripper with 4 DOF force sensing capability, a 
multi-dof high precision robotic system (a 2 dof linear robotic structure and a 3 dof robotic 
structure with 2 linear motions and 1 rotation) and a vision camera that includes a top 
view camera and a side view camera. The SmarPod is composed of a 3 DOF serial 
structure and a 6 DOF parallel structure. The end effector can be an atomic force 
microscope type cantilever. The vision is provided by the Scanning Electron Microscope.  
Both the Chronogrip and the SmarPod are coupled with a haptic interface such as that of 
Fig.2 to allow the human operator to generate a trajectory for the robotic system and to 
sense the interaction forces between the end effector and the environment. 

The aim of the thesis is the development of new control strategies on the high precision 
robotic systems taking into account the human operator and multiple sensor signals 
(force, position and velocity) in the control loop. The challenge is to design and to build a 
set of control schemes with various levels of interactions with the operator (Fig.3). Two 
main control levels can be considered: a high level control and a low level control. In the 
first one, the robot is controlled considering a direct interaction with the human operator 

and finally W1 ⇡ 285.

Since there are 3 coils in series per phase, the number of
turns per coil is given by

Ncoil =
W1

3

After all these approximative design, it arised Ncoil = 95
rounded to 100 turns/coil.

C. Primary: electrical steel core with built-in winding
The raw material used for each linear induction motor

are prisms of 30x30x120 mm3 made of insulated sheets of
M530-50A steel. This latter corresponds to electrical steel
non grain oriented and presents a high relative permeability.
To mechanize the slots and keep the laminated steel assem-
bled, a machining process with low efforts was required. The
solution adopted was the wire electrical discharge machining.

Once the core of the linear induction motor was mecha-
nized, the coils were built-in. With 9 individual coils, 3 per
phase, the assembly was disposed following Fig 3. Finally
the core with built-in coils was covered with resin, having
just access to both extremities of each phase.

Fig. 3. Double-layer winding disposition.

D. Secondary: the moving part
The secondary has to be a paramagnetic and electrical

conductive material, and the higher the electrical conductivity
is, the higher the thrust induced on the secondary is [15].
As one of the main technical objectives is to design a
low inertia moving part in the haptic device, materials with
a low density were prioritized. In this case the material
with the best weight/conductivity ratio was the aluminum.
Regarding geometrical parameters, the secondary had to be
thin enough to permit a small airgap in the DLIM as well as
a low amount of parasite currents. Its width should permit
a good dissipation of the warmth and a good thrust, being
the pole pitch of the primary winding ⌧ a lower limit for
it. Experimentally we realized that a wider secondary would
reduce the vibrations felt while manipulating the interface.
With all this considerations the secondary of the DLIM
resulted in a 0.5 mm thick and 5 mm wide sheet of 1050
aluminum alloy.

V. CONTACT FREE-HAPTIC INTERFACE

As already mentioned, one of the central objective with
this haptic interface is to eliminate any type of articulated
joint in the structure. This is reached with a two-axis motor
system based on linear induction motors, whose layout is

shown in the Fig 4. Considering that each DLIM induces
a unique longitudinal force, at least 3 of them are required
to cover a two-dimension working space. With this system,
X and Y forces as well as a torque in the Z-direction can
be induced over a moving aluminum plate. This interface
claims to eliminate the sources of inertia and friction and
the different parts of the interface are conceived to reduce
them as much as possible.

DLIM drivers

Moving part

Computing Units

DLIM

Fig. 4. Haptic interface with an actuation based on linear induction motors.

A. Moving plate and air-bearing
In a haptic interface, friction and inertia are the main

sources of parasitic forces that distort the perception of
physical phenomena. The induction system based on three
DLIMs eliminates all the friction related to the drive, but
there is still the friction related to the displacement of the
moving part. To reduce it, an air-bearing technique was
adopted. The idea is to manipulate the moving plate of the
interface over a thin film of pressurized air, the same way
the puck on an air hockey table is floating on air.

Gas film bearings allow a clean working conditions and
they operate with zero static and dynamic friction where
liquid fluid film bearings have much higher friction and
pumping losses. To maintain a constant air gap and maximize
the stiffness of the air bearing, a preload is required. The
preferred solution was vacuum preloaded, since it helps
to maintain constant air gap without adding unnecessary
moving mass, which is essential for the low inertia objective
of the moving plate. Thus, a small commercial vacuum
preloaded air bearing (model S205001; New Way Air Bear-
ings) was integrated in the interface.

Another central objective was to achieve a very low
handle inertia, a property that has been demonstrated to
be fundamentally important for optimal coupling with the
operator [16], [8]. Considering the actuators characteristics,
a 0.5 mm thick and 5 mm wide sheet of 1050 aluminum alloy
was chosen as secondary for the DLIMs. Nevertheless, the
vacuum preload induces bending stresses that would deform
the aluminum. A structure offering excellent rigidity and
minimal weight is the carbone fiber with aramid honeycomb
core. This composite material was then used as the ”puck”
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through the haptic interface, it is a teleoperated mode. The output feedback signals are 
the force sensed by the gripper, the position and the velocity of the robotic system and 
the vision camera. In the second control level, the robotic system and the end effector 
are controlled in an automated mode, i.e. without a direct interaction with the human 
operator. The global control scheme must deal with several switches to manage the 
operating modes of the system and to deal with priority purposes depending of the 
working situations.  

 

 

 

 

 

 

 

Fig.3 Control feedback scheme for the collaborative robotics 

All robotic systems are composed of piezoelectric stick-slip type actuators [4][5]. Each 
actuator integrates an optical encoder for the measurement of the position and the 
velocity. The measurement resolution of the displacement is 5 nm. The actuators are able 
to work in a coarse positioning mode and in a fine positioning mode.  

For each control level, robust control strategies must be defined for position trajectory 
control, velocity control and force control. The control methods can be based on the 
robust control theory (H∞ based LMI control, LPV control, gain scheduling control, etc.). 
Hybrid, force/position and position/velocity control schemes must also be studied.  

The robotic systems along with the proposed control strategies will be tested on concrete 
industrial cases.  

The thesis must include three main contributions:  

- Low-level robust control methods for multi dof robotic structures: position control, velocity 
control, force control, hybrid position/velocity control and hybrid force/position control.  

- High-level control methods taking into account sensor signals from the microgripper, the 
robotic structure and the haptic interface.  

- Experimental demonstrations of robust collaborative tasks for industrial assembly cases.  

The expected candidate must have a multidisciplinary profile with specific skills on, 
mechatronics, robotics and automatic control.  
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